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COVID‐19: The basics

• COVID‐19 is caused by the Severe Acute Respiratory Syndrome Coronavirus‐2 (SARS‐CoV‐2). 
• Novel single‐stranded enveloped RNA virus.
• Seventh known human coronavirus: 

4 common cold viruses: 229E, OC43, NL63, and HKU1
3 severe acute respiratory syndrome (SARS): ARDS

SARS‐CoV 2002: 10% case fatality
Middle East respiratory syndrome (MERS‐CoV) 2012: 34% case fatality
Coronavirus disease 2019 (COVID‐19): 1‐3% case fatality

Clerkin KJ et al. Circulation 2020.



COVID‐19 in the US



Gupta A et al. Nature Medicine 2020

Pathophysiology of COVID 19

SARS‐CoV‐2 enters host cells through interaction of its spike protein with the entry receptor ACE2 in the presence of TMPRSS2 (far left). Proposed mechanisms 
for COVID‐19 caused by infection with SARS‐CoV‐2 include (1) direct virus‐mediated cell damage; (2) dysregulation of the RAAS as a consequence of 
downregulation of ACE2 related to viral entry, which leads to decreased cleavage of angiotensin I and angiotensin II; (3) endothelial cell damage and 
thromboinflammation; and (4) dysregulation of the immune response and hyperinflammation caused by inhibition of interferon signaling by the virus, T cell 
lymphodepletion, and the production of proinflammatory cytokines, particularly IL‐6 and TNFα.



COVID‐19 and cardiovascular disease/stroke

• Although COVID19 is primarily an infectious respiratory illness, 
it has cardiovascular relevance and consequent clinical 
implications.

Clerkin KJ et al. Circulation 2020.
Gupta A et al. Nature Medicine 2020.

• Some patients with COVID‐19 present with primary cardiac 
complaints like chest pain and palpitations, without fever.

Zheng YY et al. Nat Rev Cardiol. March 5, 2020. 



Date of download:  3/5/2020 Copyright 2020 American Medical Association. 
All Rights Reserved.

From: Clinical Characteristics of 138 Hospitalized Patients With 2019 Novel Coronavirus–Infected Pneumonia in 
Wuhan, China

JAMA. Published online  February 07, 2020. doi:10.1001/jama.2020.1585



Meta‐analysis of 8 studies
N=46,248
52% male; mean age 46 yrs

Hypertension 17%
DM 8%
Cardiovascular disease     5%
Respiratory disease           2%

Each was more common in 
those with severe disease than 
those with non‐severe disease

Yang J et al. Int J Infect Dis. March 12, 2020.

Cardiovascular risk factors associated with worse outcomes 



Date of download:  8/27/2020 Copyright 2020 American Medical Association. 
All Rights Reserved.

From: Neurologic Manifestations of Hospitalized Patients With Coronavirus Disease 2019 in Wuhan, China

JAMA Neurol. 2020;77(6):683-690. doi:10.1001/jamaneurol.2020.1127

Up to 3% overall  
incidence stroke

Increased (6%) in 
severely ill 
patients



Stroke in COVID‐19 

Li Y, et.al. Lancet. Mar 13 2020.



COVID‐19 and cardiovascular disease/stroke

• Although COVID19 is primarily an infectious respiratory illness, it has cardiovascular relevance and 
consequent clinical implications.

Clerkin KJ et al. Circulation 2020.

• Some patients with COVID‐19 present with primary cardiac complaints like chest pain and 
palpitations, without fever.

Zheng YY et al. Nat Rev Cardiol. March 5, 2020. 

• Early reports in US suggest that some patients are presenting with stroke symptoms and then turn 
out to be COVID positive: related or simply reflection of high infection rate among asymptomatic 
people.

Oxley T et al. NEJM 2020. 
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The Mount Sinai 
Experience
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consequent clinical implications.

Clerkin KJ et al. Circulation 2020.

• Some patients with COVID‐19 present with primary cardiac complaints like chest pain and 
palpitations, without fever.

Zheng YY et al. Nat Rev Cardiol. March 5, 2020. 

• Early reports in US suggest that some patients are presenting with stroke symptoms and then turn 
out to be COVID positive: related or simply reflection of high infection rate among asymptomatic 
people.

Oxley T et al. NEJM 2020. 

• Common infections, like influenza and sepsis, may trigger strokes and acute coronary events.
Elkind MSV et al. Stroke. 2011;42:1851‐1856.

Boehme AK et al. Ann Clin Transl Neurol. 2018;5:456–463. 
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Stroke
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Case crossover design

Case periodControl period 
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Control period 

2 yrs prior

Recruitment

Cardiovascular Health Study
Case crossover design

Cardiovascular Health Study

Elkind MSV et al. Stroke 2011.



Results
Association of recent hospitalization for infection with ischemic stroke:

Case-crossover analysis

Exposure--
Hosp for infection within:

Case 
intervals,

n 

Control 
intervals, 

n OR   95 % CI
90 days prior to stroke
No 631 1179
Yes 29 17 3.4   1.8-6.5

Elkind MSV et al. Stroke 2011.



Results
Association of recent hospitalization for infection with ischemic stroke:

Case-crossover analysis

Exposure--
Hosp for infection within:

Case 
intervals,

n 

Control 
intervals, 

n OR   95 % CI
90 days prior to stroke
No 631 1179
Yes 29 17 3.4   1.8-6.5
30 days prior to stroke
No 655 1193
Yes 11 3 7.3   1.9-40.9
14 days prior to stroke
No 660 1194
Yes 8 2 8.0   1.6-77.3

Elkind MSV et al. Stroke 2011.



HCUP/AHRQ California 
Case-Crossover Analysis:

Influenza-like illness as a stroke trigger
Risk Window OR 95% CI
15-DAY 6.5 2.2-19.7
30-DAY 3.7 1.8- 8.3
90-DAY 3.3 2.0- 5.8

Age Strata, 30-Day window
OR 95% CI 

<45 yrs 16.6 1.0- 267.2
45 to <=65 yrs 5.4 1.1- 27.5
>65 yrs 2.5 1.0-6.8

Boehme AK et al. Ann Clin Transl Neurol 2018;5(4):456-463. 



Sepsis and risk of stroke: HCUP California State Inpatient Database 

Stroke: 
n=37,377 ischemic (n=3188 (8.5%) had sepsis within 180 days of stroke); 
N=12,817 hemorrhagic (n=1101 (8.6%) had sepsis within 180 days of stroke)

Boehme AK et al. Stroke 2017;48:574-580.

Interaction with age; p = 0.0006. 



Smeeth, L. et al. N Engl J Med 2004;351:2611-2618

Age-Adjusted Incidence Ratios of a Stroke during Risk 
Periods after Exposure to Vaccination or Infection
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Many specific infections are 
associated with risks of 
specific stroke syndromes

Elkind et al. Stroke 2020 (In press). 
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Merkler AE et al. Risk of Ischemic Stroke in Patients with 
COVID‐19 versus in Patients with Influenza. JAMA 
Neurology 2020. 

From March 4‐May 2020 (2 months):
N= 2132 patients with COVID‐19 (PCR positive)
n=      31 (1.5%) with ischemic stroke (95% CI 1.0‐2.1%)

Compared to influenza (2016‐2018)
N=1516 cases influenza
n=       3 (0.2%) with ischemic strokes

Adjusted OR for stroke with COVID‐19 = 7.5 
(95%CI 2.3‐24.9%)

The Weill‐Cornell Experience
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26%  presented with stroke
Median NIHSS 16
>50% cryptogenic/cardioembolic
26%   incomplete evaluation

Merkler AE et al. Risk of Ischemic Stroke in 
Patients with COVID‐19 versus in Patients with 
Influenza. JAMA Neurology 2020. 



Date of download:  8/27/2020 Copyright 2020 American Medical Association. 
All Rights Reserved.

From: Risk of Ischemic Stroke in Patients With Coronavirus Disease 2019 (COVID-19) vs Patients With Influenza

JAMA Neurol. Published online  July 02, 2020. doi:10.1001/jamaneurol.2020.2730

Timeline in Days From Coronavirus Disease 2019 (COVID-19) Symptom Onset to Acute Ischemic Stroke DiagnosisHorizontal lines represent individual patients with a hospitalization or emergency 
department (ED) visit for COVID-19 infection who had acute ischemic stroke. A white square indicates the day of hospitalization, a gray diamond indicates the day of intensive care unit (ICU) 
admission, if applicable, and an orange circle indicates the day of acute ischemic stroke diagnosis. For patients who did not have preceding typical COVID-19 symptoms, the day of their stroke was 
considered the day of COVID-19 symptom onset. For patients with typical symptoms of COVID-19 but without a clear onset date, the date of hospital presentation was considered the day of onset.
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The NYU Experience

N= 3556 hospitalized patients with COVID‐19
n=      32 ischemic strokes (0.9%)

66% cryptogenic
Elevated D‐dimer and inflammatory levels
NIHSS median 19
64% mortality 
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Columbia University Irving Medical Center Experience

N= 5,906 patients positive COVID‐19 diagnosis
n=       56 (0.95%) stroke

Of 175 stroke patients Feb 1‐May 19, 2020:
58 (33%) diagnosed with COVID

52 diagnosed at time of stroke
6 diagnosed prior to stroke admission

Stroke types:
31 (53.5%) ischemic

59% cardioembolic
21% ESUS
20% athero/small vessel

9 (15.5%) ICH
4 (6.9%)   SAH
14 (24%)    unknown

COVID+ Stroke (N=58) COVID‐ Stroke (N=117)

Age, median (range) 66 (34‐94) 66 (35‐101)
NIHSS on admission, 
median (range)

17 (1‐38) 9 (0‐40)

Race‐ethnicity
Black 8 (17.8%) 20 (21.2%)

Hispanic 24 (53.3%) 40 (42.1%)
Non‐Hispanic white 13 (28.9%) 35 (36.8%)

HTN 37 (63.8%) 88 (75.2%)
DM 20 (34.5%) 46 (39.3%)
Afib 8 (13.8%) 29 (24.8%)
CHF 4 (6.9%) 5 (4.3%)
DVT 1 (1.7%) 5 (4.3%)
HLD 20 (34.5%) 48 (41.0%)
Smoker 2 (3.5%) 18 (15.4%)
CVD 12 (20.7%) 30 (25.6%)
CKD 10 (17.2%) 24 (20.5%)
Liver Disease 3 (5.1%) 2 (1.7%)
History of Cancer 6 (10.3%) 18 (15.4%)
History of Substance 
Abuse

1 (1.7%) 7 (5.9%)

History of MI 10 (17.2%) 13 (11.1%)
History of Stroke 14 (24.1%) 26 (22.2%)
HF 6 (10.3%) 8 (6.8%)
Immune Disorders 5 (8.6%) 3 (2.6%)
Pulmonary Disease 7 (12.1%) 11 (9.4%)
History of ILI symptoms in 
the past 45 days

38 (82.6%) 43 (39.5%) Boehme AK. Unpublished data



COVID‐19 and CVD/stroke

Potential mechanisms 
Increased number of risk factors or comorbid conditions with age
Cardiac events (arrhythmia/heart failure)
Hypercoagulability and thrombosis

Antiphospholipid antibodies
Hyperinflammation/”cytokine storm”/”Thromboinflammation”
Complement activation/microangiopathy/endotheliitis
Renin‐angiotensin system dysregulation
Direct vascular invasion by virus
Frank vasculitis



Article Copyright © 2020 Authors, Source DOI: 10.1177/1747493020943815. See content reuse guidelines at: sagepub.com/journals-permissions 

Endothelial activation elicits tissue factor release, endovascular recruitment of 
neutrophils releasing neutrophil extracellular traps (NETs) and von Willebrand factor 
(VWF) exocytosis from Weibel Palade bodies, leading to microvascular thrombosis

South K, et al . Int J Stroke. 2020;1747493020943815. doi:10.1177/1747493020943815
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• A 37 year old Dominican woman with a history of 
morbid obesity, type 2 DM, HTN, and past 
preeclampsia presented with acute left 
hemiplegia. 

• She had a 3‐day history of cough and dyspnea, 
with mild fever, but outpatient PCR of the 
nasopharynx was negative for SARS‐CoV‐2.

• On examination, there was right gaze preference, 
mild left spatial neglect, left facial weakness, 
dysarthria, left arm plegia, left leg paresis, and 
intact sensation.

• Head CT showed a subtle dense right MCA sign.
• She received IV tPA.
• CT angiography showed a retropharyngeal course 

of the right ICA with retropharyngeal edema and 
filling defect in the medial aspect of the artery.

• Distal right carotid artery and middle cerebral 
artery stem were occluded, with distal 
collateralization. 

Amelia K. Boehme & Kyril L. Cole (Elkind Lab)

COVID and stroke case (1)
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CT perfusion study demonstrated no definite evidence of infarction, with a large perfusion defect in the 
right hemisphere. Angiography demonstrated occlusion of the right petrous carotid artery. 

Amelia K. Boehme & Kyril L. Cole (Elkind Lab)

Thrombectomy was performed with good recanalization. 
Repeat PCR testing for SARS‐CoV‐2 was positive. D‐dimer and interleukin‐6 levels were elevated, 
and fibrinogen levels were low. The patient had a good recovery and was discharged two days later.

COVID and stroke case (2)
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COVID and stroke

• Increased risk among Hispanics
• Increased risk of complications in those with cardiovascular 
risk factors

• Presentation with stroke
• Need for repeat testing to detect COVID
• Hypercoagulability
• “Thromboinflammation”



COVID “vasculitis”: diffuse deep white matter ischemic injuries 

R. Hanafi et al. AJNR Am J Neuroradiol 2020;41:1384-1387

©2020 by American Society of Neuroradiology



AP Kansagra et al. N Engl J Med 2020;383:400-401.

Daily Counts of Unique Patients Who Underwent 
Neuroimaging for Stroke in the United States, July 2019 
through April 2020.
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Fewer but more severe strokes
Pre‐COVID era

Oct 2019‐Feb 2020 [5 mos]
n=275

COVID era
Mar‐Apr 2020 [6 wks]

N=53 p

Patients per day
Median (IQR)
Mean

2 (1‐3)
1.82 + 1.38

1 (0‐2)
1.13 + 1.07

<0.01
<0.01

Stroke severity (NIHSS) 5 (2‐13) 8 (2‐13) NS

Mode of arrival

Own vehicle
EMS

54%
45%

30%
70%

<0.01
<0.01

Time to IV tPA, min 39 (26‐52) 39 (34‐82) 0.46

LVO 21% 38% 0.01

Stroke mortality 7% 21% <0.01



Ntaios G et al. Stroke. Characteristics and Outcomes in Patients With COVID-19 
and Acute Ischemic Stroke, 51: e254-e258. © 2020 American Heart Association, Inc.

Strokes in patients with COVID are more severe and have higher 
mortality



• Fear of going to hospital
• Not wanting to overwhelm healthcare system
• Lockdowns leading to less recognition of stroke 

symptoms
• Patients presenting with more severe strokes
• Less pollution and activity
• Can provide high quality care/meet quality measures



36

Don’t Die of Doubt!



ARCADIA Enrollment

• 1826 consented
• 481 randomized



Recommendations to stroke patients/those at risk

• Wear a mask!
• Socially distance: (“Physical distancing, social solidarity”).
• Wash hands and items purchased before preparing.
• Wash hands frequently with soap and water, and do so for at least 20 seconds; use 

hand sanitizer as alternative. 
• Keep extra refills of medications on hand in case of a prolonged period of 

unavailability of their pharmacy.
• If sick, stay at home, unless worsening symptoms (dyspnea) require hospital 

management. 
• Call ahead to the hospital if going and wear a mask when going to the hospital.
• Follow the news, read WHO and CDC materials on line, and check with your local 

health authorities. 
• Opportunity for coordinators to stay in touch with trial patients. 
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QUALITY IMPROVEMENT PROGRAMS

• www.heart.org/covidregistry
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• Stroke is rare in COVID (~1‐3%)
• COVID may be common among stroke patients
• Patients can present with stroke
• Most are ischemic, though all subtypes occur
• Most ischemic stroke cryptogenic
• Strokes may occur in young patients without severe disease
• Stroke may be more common after COVID than after other respiratory 

infections (flu)
• Hypercoagulability and endothelial activation likely mechanisms
• Stroke admissions overall decreased during pandemic
• Mortality is high in COVID stroke
• Research needed!!
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Thanks for your attention!

Email: mse13@columbia.edu


